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Efficient herbicide application to reduce 
environmental losses 
Goals 
Media reports of atrazine in rainwater and 
surface and groundwater resources have 
prompted a concerned public, which includes 
farmers, to find more efficient, environmen­
tally sound ways to apply pesticides and fertil­
izer. 
By using a point injector cylinder (PIC) with 
several spokes that poke through soil (or crop 
residue, in the case of increasingly popular 
conservation tillage), farmers can target herbi­
cide at a specific "banded" area within the soil. 
This approach can reduce the total amount 
applied as well as minimize losses during and 
after application. This project developed a 
herbicide band application system to incorpo­
rate herbicides without spraying and without 
destroying crop residue on the surface. The 
specific objectives of this project were: 
Phase 1—To develop and implement a point 
injection system design that can 
•	 inject herbicides into the soil profile at a 
desired (banded) position, 
•	 incorporate the herbicides in a single pass 
through the field, and 
•	 leave conservation-tillage surface residue 
undisturbed. 
Phase 2—To evaluate use of this system in 
terms of 
•	 herbicide persistence in the soil and 
•	 weed control under field conditions. 
Phase 3—To determine the effects of point 
injection on 
• herbicide concentrations and losses in sur­
face runoff water and sediment and 
• herbicide leaching. 
Approach and findings 
Phase 1 approach: The design for liquid 
herbicide application with some type of point 
injection system was patterned after the point-
injector fertilizer applicator developed at ISU 
by Baker several years earlier. This work 
expanded on preliminary designs developed 
and tested during the past 30 years by various 
researchers. In phase 1, the investigators de­
signed the applicator cylinder. Although simi­
lar to the fertilizer applicator, it had many 
more rows of spokes. (Figures 1 and 2 show 
the first configuration and a subsequent one, 
respectively.) 
The investigators used high-density polyeth­
ylene rod 19 centimeters (cm), or 7.5 inches, in 
diameter with a brass axle and spokes to pre­
vent corrosion and absorption. The spokes 
inject pesticide 2.5 cm, or 1 inch, into the soil, 
an optimal depth for common soil-incorpo-
rated herbicides. The injection hole in each 
spoke was sized to minimize plugging. Within 
the axle are two manifolds fed from the ends, 
each covering one half the band width and 
supplying the liquid to each row of points. 
Points were positioned so each injected an 
equal volume of liquid, one at a time. Scraper 
slats kept residue, clods, rocks, and other de­
bris from interfering with the injector's func­
tion. The investigators fabricated four genera­
tions of the design to test different point lengths 
and spacing between points; they also consid­
ered various modifications to facilitate manu­
facturing. 
Investigators used a growth chamber study to 
help determine cyanazine' s and alachlor' s area 
of influence when injected at a point in the soiL 
They also rated weed control in these repli­
cated treatments. In addition, from 1989 to 
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1991, the investigators tested both the band-
injector method and a spray and disk treatment 
in replicated field studies. They applied atra­
zine, alachlor, propachlor, butylate, triflura­
lin, and EPTC on oats as a test species and 
alachlor and cyanazine on corn. Point spacing, 
depth, and injection volume were modified 
each time according to findings. 
Phase 1 findings: The PIC successfully ap­
plied liquid herbicides in the soil profile with­
out disturbing crop residue on the surface. The 
injector was also effective on bare soil (with 
2.5 cm spacing between points; 5-cm spacing 
was inadequate). While there was no signifi­
cant difference between band injection and 
band spraying for controlling oats with atra­
zine, alachlor, butylate, and EPTC, investiga­
tors found that trifluralin, which is widely used 
to kill grass in soybeans, controlled weeds 
significantly better when it was disk incorpo­
rated rather than injected. On the whole, these 
results indicate that band injecting will control 
weeds as well as band spraying and disking for 
many soil-applied herbicides. Alachlor and 
cyanazine, when banded, controlled weeds 
adequately in the banded area—but band in­
jection versus band spraying made little appar­
ent difference. 
Phase 2 approach: When farmers apply a 
herbicide, it is important for them to know its 
persistence; that is, how long it will remain in 
the soil. Persistence is typically quantified in 
terms of how long it takes half of the initial 
amount of herbicide to disappear. Herbicides 
with "half-lives" too long can carry over, dam­
aging the next season's crop. The shorter half-
lives of some may not provide adequate weed 
control. 
Herbicide persistence depends on application 
rate and formulation, soil type, soil-water con­
tent, temperature, soil pH, soil-clay content, 
organic matter, and other factors. These fac­
tors determine how much of the chemical is 
lost to photodegradation (decomposition 
caused by absorption of light near the soil 
surface), degradation by microscopic organ­
isms whose activities influence soil composi­
tion (generally in the root zone), and chemical 
decomposition (which can occur throughout). 
In 1989, investigators began evaluating the 
relative persistence of three banded herbi-
cides—alachlor, atrazine, and propachlor— 
when sprayed on bare soil as opposed to point 
injected. Using a fiat, no-till surface with crop 
residue and a chisel-plowed or strip-tillage 
surface, they also compared persistence among 
application and tillage methods. Over 21 days, 
they took 144 soil samples. 
Phase 2 findings: Again, the PIC functioned 
effectively on bare soil, as well as on soil with 
as much as 79% corn residue. Adequate injec-
Fig. 1. (left) Point 
injector with 2.5-cm fl­
inch) point spacing. 
Fig. 2. (right) Point 
injector with 5-cm (2­
inch) point spacing. 
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tion pressure and a scraper helped to keep the 
injector points free of debris and reduced the 
likelihood of points plugging. 
Persistence did not differ significantly be­
tween injection and surface spraying applica­
tion methods for atrazine and alachlor. But 
significantly higher amounts of propachlor 
were lost both from corn-residue-covered plots 
and bare plots when surface spraying was used 
instead of injecting. Moreover, the percent­
age of propachlor remaining 21 days after 
injection was 12 times higher for bare plots 
and 6 times higher for residue-covered plots 
than percentages remaining 21 days after 
spraying. The high losses with band spraying 
seemed to relate to rainfall and its effects on 
volatilization (vaporization), degradation, and 
surface runoff. Because the injector placed 
most of the herbicides beneath corn residue 
during application (as opposed to the sprayer, 
which left from 36% to 71% of the three 
chemicals on the corn residue), it dramatically 
reduced the potential for herbicide losses to 
the environment. Finally, air temperature, 
which affects vapor pressure, seemed to be the 
most significant variable for the injected plots 
covered by residue, whereas time and rainfall 
were more significant for the injected plots 
with no residue cover. 
Phase 3 approach: Herbicides lost with wa­
ter and sediment in surface runoff concern 
farmers both economically and environmen­
tally. Previously, these investigators and other 
researchers addressed this concern by using 
rainfall simulation and developing various 
models to help them predict herbicide losses 
with runoff. The investigators reviewed a 
broad range of findings on the type and behav­
ior of various herbicides; the role of sediment; 
how herbicide losses in runoff relate to time of 
application, tillage, temperature, soil compac­
tion, application method, slope, and crop resi­
due; and how these chemicals mix with rain­
fall water on the thin top layer of soil. 
In phase 3 of this research, investigators tested 
subsurface band injection and surface band 
spraying of the herbicides atrazine, alachlor, 
and propachlor on chisel plowing, flat no-
tillage, and strip-tillage on ridges. This al-
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lowed for three replications on the 18 plots 
established in 1989. Injector points were de­
signed to inject herbicides approximately 2.5 
cm below the soil profile. Barrier strips of 
sheet metal pounded about 10 cm into the 
ground kept water from entering or exiting the 
plots except at the collection chute, and this 
chute was covered to keep additional rainfall 
from diluting the samples. The investigators 
also installed pipes about 45 cm (18 inches) 
deep to collect water percolating out of the 
tillage zone. 
Then, at various times following herbicide 
application, investigators applied simulated 
rainfall. They recorded times, amounts, flow 
rates, sampling intervals, and other informa­
tion. Then they analyzed extracts from the 
water and sediment samples for runoff vol­
ume, sediment loss, and herbicide losses with 
both sediment and water and calculated the 
total loss per plot, both from runoff and from 
the 45-cm depth. 
Phase 3 findings: Chisel plow tillage resulted 
in much more erosion by sediment loss than 
ridge tillage, which in turn resulted in some­
what more erosion than no-tillage. The vol­
ume of runoff was about 20% of the rainfall 
applied, regardless of tillage method. Total 
losses of the three herbicides (in runoff, runoff 
sediment, and leaching water) were less than 
5% of that applied, regardless of application 
method. (When examined by application 
method, herbicide concentrations in leaching 
water for all the ridge-tillage plots were sig­
nificantly lower than those concentrations 
found with the no-tillage and chisel-plowed 
plots.) However, in short, the point-injection 
banding approach did not appear to signifi­
cantly reduce the losses to runoff and leaching 
compared to surface band spraying under the 
conditions of this study. 
Implications 
Investigators succeeded in developing an al­
ternative method of band-applying agricul­
tural chemicals. This method significantly 
reduces problems in three ways: 
1.	 Because the wheel applicator comes in 
direct contact with the soil, atmospheric 
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losses at the time of application are avoided. 
This is not the case with spraying, espe­
cially on windy days. 
The amount of herbicide lost to volatiliza­
tion after application is reduced because 
herbicide is injected through the residue 
right into the soil. In conservation tillage, 
the weak interaction of the accompanying 
residue with the surface-applied herbicide 
allows more chemical to be lost to the 
atmosphere. Thus, the point-injection 
approach can help to keep an environmen­
tal solution—namely, conservation till-
age—from contributing to another envi­
ronmental problem. 
Soil incorporation of herbicides should 
reduce surface runoff losses, 
photodegradation, and volatilization of her­
bicides compared to surface-spray appli­
cation. Moreover, the wheel applicator 
provides an easy means to incorporate 
herbicides without the energy use and 
residue destruction that tillage incorpora­
tion requires. 
The point injection system is an effective tool 
in applying herbicide both on bare surfaces 
and surfaces covered with heavy crop residue. 
Thus it has the potential to fit into many Iowa 
farm conservation plans that require reduced 
or no tillage. 
Potential uses of this technology extend be­
yond herbicide application. For example, it 
could be used to target-apply liquid nutrients 
at planting time, reducing losses between the 
crop rows. Another use might include liquid 
injection of insecticides that pose a risk to 
wildlife when surface-applied in granular form. 
Band injecting may also hold promise for 
treating crops other than corn and soybeans. 
Results of this and selected other projects were 
disseminated through a slide set released by 
the Leopold Center in late 1992. 
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